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In today’s world when rivalry is gathering speed; profit maximization and consumer satisfaction have become the main targets of 
the enterprises. One of the most important methods affecting these targets of the enterprises is six sigma approach. This approach 
accepts the consumer as the focal point. Six Sigma approach is such a model that is adapted by various companies throughout the 
world due to its consumer-oriented approach and this model aims the continuation of company success. Six sigma aims to reach a 
perfect level by actualizing 3,4 error rate in one million productions. Six Sigma is a strategy using statistical methods to provide, 
measure, analyze, renovate and control optimal efficiency in business processes. Most important function of Six Sigma is to 
minimize the variables in the production process. This name of “Six Sigma” is given by Mikel Harry that the variability term is 
measured by standard deviation in statistics and standard deviation is symbolized by the “small sigma” ısymbol and six sigma 
approach requires to make the assessment by statistical techniques on behalf of managing and restructuring the business 
processes. Six Sigma is an optimization technique and its largest difference is to be a flexible system aiming to optimize both the 
performance and the managerial skill. The primary objection of Six Sigma is to minimize the errors and to actualize a quality 
level in the groove and its philosophy consists of the aims of reducing costs, increasing customer satisfaction, actualizing the 
optimization of business processes and increasing the efficiency of the employees. Six Sigma approach, with the most areas of 
application is observed in production sector is combined of the junction of the best and most successful sides of the previous 
methods.
© 2015 The Authors. Published by Elsevier Ltd.
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1. Introduction
Six-sigma expresses the latest stage being reached in the development process of the quality concept but, its 
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history is based on the definition of the Normal Distribution which was established by C. F. Gauss. Six-sigma has 
been developed as measurement system. Distinctively form other methods, six-sigma has a technical infrastructure 
and, it is a whole of vision and methods (ùHQRO*	$QEDU$2010 ). Six-sigma approach is a process of quality 
development regarding the consumer by utilizing the statistical data in the solution of the consumer problems. (
Heuring, L. 2004 ) According to another definition, six-sigma is an approach based on the philosophy of the 
improvement of the business processes and that of the redesign and which aims a level being close to perfect (
Atmaca (	*LUHQHVù 2009  ).
When the Japanese increased their benefit by reducing their error rates by buying a television factory of 
Motorola in the United States of America, managers of Motorola investigated first time their management fashions
and thus, they learnt to investigate their quality concept. From this date forward, efficiency of Motorola has begun to 
be monitored with an index referred as “Sigma Level” ( g]YHUL2	dDNÕU( 2012 ). Quality control was first 
introduced in Japan on 1950 and the goal was improved the product quality by using the statistical tools in the 
production processes. Nowadays, quality control is a tool which, is used to build the system ensuring the interaction 
of all elements forming the management with each other in fulfill the needs of the consumer. ( 3DWÕU6 2008 ). Six-
sigma is a project-oriented. The issues to be improved are considered as separate projects and, cycle comprising 
“define-measure-analyze-improve-control” is used in the improvement projects. Six-sigma Approach has aimed to 
maximize the consumer satisfaction by minimizing the use of resource of the enterprises. Within this process being 
progressed in reaching to this goal, the correction of the errors which will occur by detecting them is another goal of 
six-sigma. Furthermore, Six-sigma has embodied the successful aspects of other methods. In other words, Six-sigma 
approach is the resultant of the favorable aspects of its p predecessor methods. ( AODGD÷=Akman &  G. Al, Okan, 
2011 ).
Six-sigma generates new formulas by blending the thoughts and the experiences of management gained from 
the past for the success of the enterprise. By virtue of the statistical instruments that it uses, it enables the enterprise 
to establish the correct business faster and better and in more efficient manner compared to the rivals.( Pande, P. 
Neuman, R &  Cavanagh, R, 2000 ). 6LJPDZRUGVWHPV IURP WKH ORZHUFDVH*UHHN OHWWHUıDQG LW V\PEROL]HV WKH
standard deviation in the statistics. Standard deviation is the measure of scattering around the mean and it reveals the 
measure of the variability. Therefore, sigma is a measure used to make quantitative the instability and the variation 
of the process. In the three-sigma level; the percent of the perfect product is 99.73% and this situation implies the 
ratio of the defects as 66.807th per million. In six-sigma level; the percent of the production of perfect product is 
99.999998% and this situation implies the ratio of the defects as only 3.4th per million. ( Yüksel, H, 2012 ).
Therefore the lower value of six-sigma means that less error is made in a production or service process. There 
is an inverse proportion between the sigma level and the number of errors. ( *UVDNDO1	2÷X]ODU$ ).  
Here, the concept of error expresses the sum of errors in the stages of the process rather than the error occurring in 
the final product.         In the six-sigma approach, the ideal process level is six. According to this approach; if the 
sigma-level of the process is six, the cost of poor quality remains below 5%. There is a parabolic relationship 
between the probability of error per million and the sigma level. ( dDEXN<	.DUD\ÕOPD]ODU62010 ). 
Table 1. Relation between Sigma Level and Inferiority Cost
Sigma Level Total Process  Efficiency Defects Per Million Cost of inferiority
2 0,691 308 540 % 50
2,5 0,840 160 000 % 40
3,1 0,945 55 000 % 30
3,55 0,980 20 000 % 20
4,6 0,999 1000 % 10
4,98 0,99975 250 % 5
6 0,9999966 3,4 < % 5
The waste majority of the enterprises carry on a business between three-sigma and four-sigma. This 
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corresponds to an error rate between 67000 and 6000 per million. It is possible to state that a company operating in a 
99%-preciseness carry on a business at 3.8-sigma level. On the other hand, even a 1%-error rate is not acceptable in 
many cases. Because the ratio implies the loss of 20000 letters per day, the performance of 5000 erroneous surgical 
procedure per week or four aircraft accidents per day ( %Dú72003 ). 
Six-sigma can be also defined as a Total Quality Management containing “action plan”. An action plan which 
has to be prepared in a detailed manner requires a robust infrastructure, training and communication and the 
restructuring of the enterprise to ensure the rewarding ( Gürses, D, 2005 ). 
2. Methodology of Six Sigma
Since it contains to find the likely problems in the processes and to solve them, six-sigma improving 
methodology is a reactive approach. This approach aims to identify the causes of the problems, the selection of the 
optimal quality control parameters and the improvement of the time spent and the profitability. In order to establish 
these objectives, DMAIC (Define, Measure, Analyze, Improve, Control) cycle is used. ( 6RI\DOÕR÷OXd2009).
Fig.  1. DMAIC Cycle 
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CONTROL
                                                                        Fig.  2. Process of Six Sigma Method
Table 2. DMAC Cycle in Six Sigma Project 
Phase                                          Description
Define                                   Define project goals & customer (internal and external) deliverables
x Define Customers and Requirements (CTOs)
x Develop Problem Statement Goals and Benefits
x Identify Champion Process Owner and Team
x Define Recources and Evaluate Key Organizational Support
x Develop Project Plan and Milestone
Measure                                  Measure to determine current performance and quantity the problem
x Define, Defect, Opportunity, Unit and Metrics
x Detailed Process Map of Appropriate Areas
x Develop Data Collection Plan
x Validate the Measurement System
x Collect the Data
x Begin Developing Y=f(x) Relationship
x Determine Process Capability and Sigma Baseline
Analyze                                 Analyze and determine the root cause(s) of the defects
x Define Performance Objectives
x Identify Value/Non-Value Added Process Steps
x Identify Sources of Variation    
x Determine Root Cause(s)
x Determine Vital Few x’s. Y=f(x) Relationship
Improve                                 Improve the process by eliminating defects
x Perform Design of Experiments
x Develop Potential Solutions
x Define Operating Tolerances of Potential System   
x Asses Failure Modes of Potential Solutions
x Validate Potential Improvement by Pilot Studies
x Correct/Re-Evaluate Potential Solution                       
Control                                   Control future process performance
x Define and Validate Monitoring and Control System
x Implement Statistical Process Control & Determine Process Capability
x Develop Standards and Procedures 
x Develop Transfer Plan Handoff to Process Owner
x Verify Benefits, Cost Savings/Avoidance, Profit Growth
x Colse Project, Finalize Documentation, Communicate, Celebrate
Six-sigma is a structural method and it requires the use objective measures in each stage. The stages of six-
sigma can be summarized in five clauses ( Ada, E et al 2004 ). 
x the measurement of the error rates by identifying the key processes,
x the analysis of problems causing errors via statistical tools and brain storming,
x the identification of the validity of measurement method and the measurability of the deviations in the 
processes,
x the implementation of the process in order the ensure the progression within the limits,
x the control of the changes done.
The method and the tools of six-sigma approach can be summarized as below ( Pande, P. Neuman, R 
&Cavanagh, R. 2000 )  
x Process design
x Change analysis
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x Balanced test systems
x The voice of the consumer
x Creative Thought
x Experiment design
x Process management
x Statistical Process Design
x Continuous improvement
The indicator concerning the statistical measurement aspect of six-sigma method is the normal distribution 
curve. The distribution curve demonstrates how the process operates well, indeed, it emerges how the next outcome 
of the process will take place. In statistics, the probability area of the distribution curve is grouped by separating into 
pieces and it is labeled as “standard deviation from the mean”. The objective of six-sigma is to narrow the standard 
deviation of the variability within the specified limits in the directions of the consumer demands. 
Fig. 3. Upper and Lower Specification Limits in Control Distribution
One of the most important characteristics of six-sigma is the “process capability analysis”. For Coefficient of 
process capability (Cp) and, upper and lower specification limits USL and LSL, Cp
6p
USL LSLC
V
 
is defined as follows;
In case of one-way specification values, for ȝ being the process mean, the following formulas are used 
respectively for upper and lower specifications;
3pu
USLC P
V
               
3pl
LSLC P
V
 
The equation assessing the location of the process mean for process capability coefficient is shown as Cpk. By 
virtue of Cpk, it is identified that process mean is closer to which specification limit. If Cp=Cpk, it is understood that 
the process mean is exactly in the middle of the specification limits. If Cpk< Cp, it means that the process is drifted
away from the predicted center ( Engin, G. 2006).
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Fig. 4.  Upper and Lower Specification Limits in Normal Distribution
Table 3. Relation Between pC ve pkC Values and PPM in Comparison with Quality Level
Quality 
Level to 
Normal 
Distribution
% pC PPM % pkC PPM
3 Sigma 99,73 1 2700 93,32 0,5 66 800
4 Sigma 99,9937 1,33 63 99,379 0,83 6210
5 Sigma 99,999943 1,67 0,57 99,9767 1,17 233
6 Sigma 99,9999998 2 0,002 99,99966 1,5 3,4
Another method used in six-sigma approach is “opportunities and errors method”. Opportunities and errors 
method expresses the error rate in the total opportunities within a group.  This method is computed as below $OWX÷
M. 2010 ).  
6.10
( ).( )
Number of defectsDefects per Million Opportunities
Number of opportunities per unit Number of units
 
For example; If there is 52 errors and 4 error opportunities from 250 credit applications;
652 .10 52000
4.(250)
Defects per Million Opportunities   (Sigma level=3.1)
Usually, Six-sigma can be summarized as follows when the tools that it uses are considered ( Anbari, F.T. & 
Kwak, Y.H. 2005 ). 
Six-sigma= (Total Quality Management)+(Consumer centricity)+(Data Analysis Tools)+(Financial 
Results)+(Project Management).
3. Roles in Six-sigma and the Benefits of Six-Sigma 
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In terms of ensuring the success of six-sigma applications, it is very important to define the authority and the 
liabilities of the team members. From this respect, the authorities and the liabilities of the people having duty in six-
sigma approach is identified according to the colour of belt that they receive. Table 4 summarizes the roles of the 
team being a part of the six-sigma organization g]YHUL2	dDNÕU(
Table 4.  Roles and Responsibilities in Six Sigma Method
Champion
Creating the company’s six sigma vision, identifying the ways of Six Sigma, developing the training plan 
to implement the strategies, determining the high effect projects, auditing the black belts.
Master Black Belt
Helping the training and Certification of black belts, cooperating with the champion, and training of the 
personnel at the many level of the organization, assisting to identify the projects, supporting the black 
belts in the projects, participating the Project reviews as a technical advisor.
Black Belt 
Green Belt
Identifying to the project barriers, directing and managing the Project teams, reporting the developments to 
the leaders, in case of necessity requesting help from the champion, determining the the most effective
tools to be used in projects. 
Together with daily works, performing the green belt responsibilities, participating to the black belt 
projects to perform the responsibilities, learning the Six Sigma methods, tools during the projects and 
completion of the Six Sigma projects.
There are differences between six-sigma method and the traditional approach in terms of basic values. While “trial 
and error” is in the foreground in the traditional approach, “robust design” is in the foreground ( $OWX÷ M , 2010). In 
Table 5, the differences between six-sigma approach and the traditional approach are indicated. 
Table 5.  Comparing Traditional Approach and Six Sigma Approach 
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Traditional Approach Six Sigma Approach
Deciding Trial and error Resistant design
Analysis Experience Data
Focus Product Process
Time Reactive Proactive
Planning Short term Long term
Control External control Self control 
Psychological agreement Integration Loyalty 
Structures and Systems Bureaucratic Organic
Employee relations Low confidence, personnel 
management
High confidence, human 
resources management 
There are three basic issues that six-sigma method focuses. These are customer-centricity, actions based on the 
data and a stronger methodology ( 'R÷DQ6	'emiral, Ö. 2008). 
Customer-centricity: The outcomes formed in the enterprise should be compatible with the characteristics 
of the customer. Thus, the customer demand should be understood well and new products and the new services 
should be prepared in a fashion that they will fulfill this demand.
Actions based on the data: Focusing on the data is necessary for the development of the input, process and 
output. By virtue of data analysis, the resources will be allotted for the projects and the consumers will notice the 
difference.
A Stronger Methodology: The data are not sufficient in ensuring the solution of the problems concerning the 
consumer or business processes. Methodology containing error identifications, measurements, analysis,
development and control will increase the business efficiency.  The basic expectations of the enterprises from six-
sigma method and applications are as follows ( 'XUX1.Ro	+7Dú<2011 ).  
x To be able to achieve the current potential of the enterprise,
x To be able to notice the opportunities of improvement,
x To reduce the reversible losses originating from the inefficiency and from poor quality,
x To progress beyond the consumer expectations,
x To convert the data into information by analyzing through scientific methods,
x To make correct decisions by using information,
x To increase the power of competition,
x To motivate the employees and to elaborate them with problem solving techniques.
The benefits of six-sigma can be summarized as below ( http://www.procen.com.tr )
x It reduces the error rate and it makes thee success sustainable. 
x In increases the quality of production and that of product. It lowers the production cost to ratios between 
10% and 40%. 
x It increases the distribution and the quality performance. .
x It increases the values given to consumer; the consumer expectations are identified better. 
x It increases the improvement rate.
x It increases the learning and information exchange.
x It ensures to achieve more robust designs; the losses are minimized in all processes. 
x It facilitates the strategic alteration.
The enterprises which apply the best the six-sigma method and the success that they obtained have are 
summarized as below ( Anbari, F.T. & Kwak, Y.H., 2005 ).  
x Motorola: It has ensured 15-billion savings for approximately eleven years.
x General Electric: It has ensured 2-billion savings for one year.
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x DuPont’s Yerkes Plant: It has ensured savings more 2-million dollars.
x Bechtel Corporation: As a result of the investment that it has established for six-sigma method, it 
ensured a200-million dollars.
4. Examples of Six-Sigma Applications
In this section, the definitions and the stages of some projects applied in Arçelik-LG company is given
(Arçelik-LG)
Manufacturing Six Sigma:
These are the projects conducted by one project leader and with two or three project members.  It is used in solving 
problems such as poor quality, inefficiency, process problems that stem from manufacturing. It follows DMAIC 
steps.
Transactional Six Sigma:
These are the projects conducted by the contribution of one project leader and that of two or three project members. 
It is used in solving problems such as marketing, purchasing, sale, financing. It follows DMAIC steps.
Natural Working Team (NWT):
These are the projects conducted by one project leader and with two or three project members. It rather consists of 
issues concerning the inefficiency in the production. It is a short-term team work applied by the technicians and 
operators having duty in manufacturing. Although its content and its solution are not complex, better results can be 
obtained by following DMAIC steps. 
Tear Down & Redesign (TDR):
It may consist of one or more than one different six-sigma projects. It can be applied in cases such as omitting 
completely a system and reconstituting it and implementation of a new system. It is a full-time team work. Its 
improvement ratio is more than 30%. Its financial return is higher. 
R&D Six Sigma:
As it can be conducted by one project leader and with two or three project members, it can be achieved by the 
association of more than one project. It is applied in cases such as product design and product development. Its 
outcome is the performance of the product or its usability. It follows IDOV (Identification – Design – Optimization 
– Validation) steps. 
Conclusion
Six-sigma approach is a method which has complied with the recent conditions of competition, which has 
become a resultant of the previous quality and management mentality being closer to perfect. It has a structure 
which is not static but which is dynamic. It is used for the measurement and for the improvement of the process 
quality. In all sectors, the customer satisfaction is at the key position of the success. To increase the consumer 
satisfaction, quality should be increased. The most important instrument necessary to use to increase the quality is 
the six-sigma method. The enterprises which adopt the six-sigma approach aim to provide service in maximum level 
by reducing cycle time and by minimizing the errors in the processes by virtue of improvement projects and hence 
to fulfill the consumer demand in levels closer to perfect. Indeed, when the six-sigma philosophy is applied well and 
when it is propagated to the general structure of the enterprise, it will provide competition superiority not only in the 
production processes but also in the profitability and process management. To be able to apply the six-sigma method 
in optimal manner, the following problems should be solved in general in the enterprises:   
x Insufficiency in data collection and errors done in data collection
x Lack of resource
x Errors in the selection of project
x Insufficient training concerning the six-sigma
x Problems yielding from the insufficiency of the top management 
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x Prejudices of the employees and the job loss fear
For the success of the six-sigma application; good command of the top management of this issue, the complete 
support of the top management to the six-sigma method, the selection of the correct project, the prior detection of 
the statistical methods convenient to the project and its correct application, the control of the compatibility of the 
data to normal distribution, the training of the team employees at least in green-belt level have a great importance in 
terms of efficiency. 
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